Aim The aim of this study was to assess the efficacy of frontalis suspension using 4-0 prolene sutures for paediatric ptosis with poor levator function. Patients and methods A retrospective chart review was performed on children who underwent 4-0 prolene frontalis suspension from 2000 to 2008 with a minimum of 6 months' follow-up. Functional success was defined when three criteria were met: (a) satisfactory lid height (defined as marginto-reflex distance Z3 mm with minimal frontalis muscle tone); (b) satisfactory lid symmetry (r2 mm asymmetry in margin-toreflex distance); and (c) satisfactory cosmesis. Recurrence was defined by a drop in lid height of Z3 mm from the initial post-operative level. Results A total of 23 patients (30 eyelids) were included. The mean follow-up duration was 28.7 months (range 6.3 to 100 months). The functional success rate was 74% (17/23 patients). Ptosis recurred in 22% (5/23) of patients. Only one patient (4%) developed a complication: a case of minor wound infection. Conclusions In paediatric ptosis with poor levator function, prolene frontalis suspension has good efficacy and an excellent safety profile. The results of prolene frontalis suspension are comparable to those of other non-autogenous materials.
Introduction
Prolene (Ethicon, Somerville, NJ, USA) is a synthetic, non-absorbable monofilament polypropylene suture. It is readily available, inexpensive, is easy to handle, and has high tensile strength. It induces minimal tissue reaction, has a low risk of inducing granuloma formation and when required, can be easily removed without significant scarring.
Many non-autogenous materials are used for frontalis suspension surgery, including banked fascia lata, polyfilament nylon, Mersilene mesh, Gore-tex, and silicone. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] In children, such materials are often used as temporary measures until autogenous fascia lata frontalis suspension can be performed. Prolene has been shown to be an adequate temporary suspensor material for frontalis suspension in very young children, 14 but other studies of prolene in ptosis surgery have reported mixed results. 1, [14] [15] This study evaluated the functional outcome, recurrence, and complication rates of frontalis suspension using 4-0 prolene in the treatment of ptosis in children with poor levator function.
Materials and methods
A retrospective chart review of consecutive paediatric patients who underwent unilateral or bilateral frontalis suspension using 4-0 prolene from 2000 to 2008 under the care of one surgeon (SN) was performed. In all patients, the indications for surgery were levator palpebrae superioris function of less than 4 mm and prolonged significant occlusion of the visual axis by the ptotic lid. An additional indication in the amblyogenic age group was the presence of significant ptosis-induced astigmatism. The study excluded patients with less than 6 months' followup. Postoperative assessments were performed by one of the authors at 1 week, 1 month, and at appropriate individualised intervals thereafter. The study complied with the policies of the local institutional review board.
Data retrieved include age, gender, diagnosis, pre-and post-operative margin-to-reflex distance (MRD), pre-operative levator palpebrae superioris function, palpebral fissure height, and the post-operative parental satisfaction with cosmesis. Recurrence was defined by a drop in lid height of Z3 mm from the initial post-operative level. Post-operative eyelid or ocular complications were also noted.
Operative procedure
The surgical method was based on the modified Fox pentagon technique. 16 All operations were performed under general anaesthesia as day cases. After induction of general anaesthesia, skin incisions on the upper lid and brow were marked. Local anaesthetic with adrenaline was injected around these sites and subcutaneously along the tracks of the sutures. A traction suture was inserted into the upper lid. A lubricated spatula was used to protect the eye. A 4-0 prolene suture was passed transversely, partial thickness, through the upper lid tarsal plate. The needle of the prolene suture was then removed. A Wright's needle was then used to thread the suture through the subcutaneous tissue of the lid and brow. When the lid height and contour were judged to be satisfactory, the suture was tied and then buried in the forehead subcutaneous tissue. The forehead skin wounds were then closed with a 7-0 polyglactin suture. Postoperatively, ocular ointments were applied to the eye four times a day for up to 1 week. Thereafter the use of the ointments was tapered according to the degree of irritation and redness of the child's eye(s). Oral paracetamol was used as required for analgesia.
Statistical analysis
To satisfactorily describe the results of unilateral and bilateral cases, both 'eyelid' and 'patient' were used as the units of analysis. Fisher's exact tests were performed to detect any significant differences in proportions.
Results
In total, 25 children underwent prolene frontalis suspension surgery during the study period. Overall, 23 were included in the study and 2 were excluded because of insufficient follow-up duration. Seven patients had bilateral surgery, giving a total of 30 eyelids. The mean follow-up was 28.7±22.6 months (range 6.3 to 100.0 months). Table 1 summarises the characteristics of the study population. Table 2 describes the individual patient data of the study population. Table 3 summarises the study results. Both 'eyelid' and 'patient' were used as units of analysis and the results were compared. Of the 30 eyelids, in the follow-up period, 23 (77%) achieved functional success. Due to lid height asymmetry, functional success was not achieved in one child (patient no. 14, Table 2 ) who underwent bilateral surgery. Ptosis recurred in five eyelids (17%), requiring revision surgery. Four of the five recurrences occurred within the first 5 months after the operation. The causes of these early recurrences were: indeterminate in one child, one from knot failure, and two from suture breakage from direct trauma (children hitting their heads when playing). One recurrence occurred 19 months postoperatively without an identified cause. The complication rate was 3.3%, with one lid developing mild redness after surgery that was regarded as a wound infection. This was treated by the child's general practitioner with oral antibiotics, and resolved within a few days without long-term sequelae.
When 'patient' was used as the unit of analysis, there were fewer units for analysis because of the seven bilateral cases. In this analysis, the functional success rate was slightly lower at 74% (17/23), the ptosis recurrence rate was slightly higher at 22% (5/23), and the complication rate was 4% (1/23) ( Table 3 ). The differences between the results of the two analytical approaches were not statistically significant (P40.05, Table 3 ).
Discussion
To the best of our knowledge, this is the largest series with the longest follow-up reported for prolene frontalis suspension in children. The efficacy of prolene frontalis suspension observed in our study is comparable to that reported for other materials (Table 4) . Our ptosis recurrence rate was 22%. The three previous studies of prolene in ptosis surgery had recurrence rates between 12.5 and 50%. 1, 14, 15 Our recurrence rate was higher than most studies using autogenous fascia lata, but is comparable to that of all previously studied non-autogenous materials (Table 4 ).
In paediatric ptosis surgery, prolene has been perceived as a temporizing material to be used until autogenous fascia lata frontalis suspension can be performed. However, for the majority of cases in our series, prolene frontalis suspension has provided a a Studies included are limited to those with at least 20 eyelids for one particular material and at least 18 months mean or median follow-up.
sustained effect leading to indefinite postponement of autogenous fascia lata frontalis suspension surgery. The low complication rate noted in our series is better than most other studies. Suture extrusion rates in other studies have been reported between 5 and 17%. 6 This complication was not seen in our study. This may reflect the ease of burying prolene sutures within the subcutaneous tissues and its low tissue reactivity.
Direct comparison of success rates in studies of materials used in frontalis suspension surgery is difficult because there is considerable variation in outcome measures used in different studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] 17, 18 We measured the MRD with the eyelid(s) 'at rest'. This provides an objective, albeit conservative, outcome measure. In fact, patients who have undergone frontalis suspension surgery can increase their MRD significantly by voluntarily or involuntarily contracting their frontalis muscles when they are attentive or concentrating on a task.
Many previous studies have used 'eyelid' as their unit of analysis. [1] [2] [3] 6, 7, 10, 19 When analysing our study results, the use of 'eyelid' rather than 'patient' as the study unit gave a higher success rate and a lower recurrence rate, though the differences were not statistically significant. This difference may represent the potential bias introduced by the 'eyelid' analysis approach. Lid symmetry is generally easier to achieve in bilateral than unilateral ptosis surgery. Failure to account for bilateral cases when using 'eyelid' as the unit of analysis will inflate the sample size, and overestimate the success rate and statistical power. In contrast, analysis using 'patient' as the study unit may produce more accurate results.
In the age group we studied, we concentrated on surgery to maximise visual development. In general, cosmetic considerations were postponed until children were beyond the amblyogenic age. Revision surgery using autogenous fascia lata was offered when children were beyond this age. In children with unilateral ptosis, parents were given information on the options of unilateral or bilateral surgery. The options would then be individualised according to the wishes of the family. During the study period, none of the children went on to require revision surgery with autogenous fascia lata. One 8-month-old child with blepharophimosis syndrome and bilateral ptoses who underwent bilateral prolene frontalis suspension surgery resulting in significant eyelid height asymmetry, later underwent revision of one eyelid with prolene.
Although not addressed in this study, prolene is an ideal material in patients undergoing ptosis surgery who have orbicularis oculi weakness and who are at risk of postoperative exposure keratopathy. Prolene sutures can be readily located under the lid skin. The minimal tissue reactivity induced by prolene means that cutting or removing it easily reverses the effect of the frontalis suspension. In older patients, this can be performed under local anaesthesia in the clinic. In contrast, materials such as fascia lata and Mersilene mesh may not be easily removed. 20 Limitations of our study are its retrospective design and the possibility that more recurrences may occur with longer follow-up.
Prolene frontalis suspension is an effective technique for the treatment of paediatric ptosis with poor levator function. It is a readily available and inexpensive material that is easy to insert. Its results, complication, and recurrence rates are very favourable when compared with other non-autogenous materials.
K Non-autogenous materials have been used for frontalis suspension surgery in paediatric ptosis patients. Prolene has been shown to be a potentially suitable temporary material for frontalis suspension. However, past studies of prolene frontalis suspension were limited to a few small case series with conflicting results.
What this study adds
K Prolene frontalis suspension has good efficacy and an excellent safety profile in paediatric ptosis with poor levator function. Its results compare favourably with those of other non-autogenous materials. To the best of our knowledge, this is the largest study with the longest follow-up for prolene frontalis suspension to date.
